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CHAPTER I
INTRODUCTION AND STATEMENT OF THE PROBLEM
The emphasis on science now prevalent in the public
schools has fostered many problems of subject content and
teaching methods.

This paper will concern itself with one

phase of subject content.
In all fields and levels of science teaching, the
instructor must emphasize some information and leave out or
briefly touch upon other information. The decision as to
what to emphasize and what to eliminate should be based
upon its relative importance to the student's physical,
mental, and psychological well-being.
One aspect of zoological science neglected by
authors and teachers is teaching the function of respiration.
Most texts and teachers give only the barest essentials in
a discussion of respiration and leave the student with an
inadequate and often erroneous knowledge of this most
important function.
Respiration, by common usage, "breathing," is
defined as the gaseous exchange between an organism and its
environment. The essential features of this exchange
involve the intake of oxygen and the release of carbon
dioxide.

Some small organisms can exchange gases at all

points on their body surfaces because their cells are either
in direct contact with the environment or are within only a
few cell layers of the environment.

Larger organisms, such

as humans, require more complicated external and internal
systems to effect this gaseous transfer.

An overview of the
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human organism's respiratory system is herewith presented.

I.

DEFINITIONS OF TERMS USED

Since this paper is concerned with the human organism
and the gaseous exchanges which occur within the organism,
it will be convenient to divide the definition of
respiration into two sections.

That exchange of gases

which occurs between the blood and the air will be referred
to as external respiration, while the exchange of gases
between the blood and active cells of the organism will be
labeled internal respiration.
There has been a trend in recent years to extend the
term respiration to include not only the exchange of gases
between the organism and its environment but also the effect
of oxygen on the cell itself.

Therefore, a further

separation or definition of the term internal respiration is
necessary. That living process which takes place within a
cell involving the use of oxygen will be referred to as
aerobic respiration; that living process within a cell which
takes place without oxygen will be referred to as anaerobic
respiration.

II.

PURPOSE

The purpose of this paper was to take a seemingly
simple concept of zoology, reveal in some measure its
complexity, and show how this concept is often inadequately
expressed and taught.

CHAPTER II
THE EXTERNAL RESPIRATORY SYSTEM
Respiration is probably the single most important
function of the human or any other organism.
respiration the life process cannot continue.
the

S\.llll

Without
Metabolism,

total of all the chemical changes taking place

within the cell, requires oxygen as a necessary part of its
reactions.

For a function as important as respiration,

special mechanisms exist within all organisms. In order to
fully appreciate the human mechanism of respiration, it
might be well to compare it with other living systems.
Since internal respiration is essentially the same in all
organisms, the comparisons will be of the external respiratory
mechanisms only.
The simplest respiratory arrangements are found in
small aquatic anin~ls (9:227). The covering of these
animals is thin and extensive, with a large surface area to
volume ratio.

The bodies of protozoans, rotifers, planarians,

and minute worms are thread-shaped, branched and pointed,
with crevices and protuberances providing maximum surface
area for the exchange of gases.

Gases diffuse directly from

the water into the organisms' cells through their external
surface and from cells to water.
Gills are the characteristic respiratory organs in
the larger aquatic animals (9:228). Most gills are outgrowths
of the body wall and contain circulating blood. Such gills
are aptly named "blood gills" (9:228). The gills of fishes
are external openings located in the sides of the mouth and
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pharynx. When breathing, a fish opens its mouth and water
is admitted. The water expands the mouth cavity and muscles
close the esophagus so that little water is swallowed. The
opercula, or gill coverings, are closed also, allowing no
passage to the exterior. The floor of the mouth is then
raised, the opercula lifted, and the water is forced out
through the gill slits.

As it goes it bathes the slender

filaments, attached to the gill arches, that contain the
circulating blood.

The gases diffuse at this time.

Insects have a system of ramifying tubes called the
tracheae (9:217; 8:620).

These hollow tubes are connected

by openings to the body surface. The air is moved through
the tubes by rhythmic muscular contractions of the body.
The transfer of gas between the tracheae and the body cells
is a direct one.
In the case of the larger air breathing animals, more
difficulties had to be overcome than in the aquatic forms.
Living organisms when exposed to air are subject to
dehydration.

Except for this, living in air is more

advantageous than living in water because air is richer in
oxygen than water, holding about twenty times more (9:230).
This greater volume of oxygen is an advantage for air
breathing animals since it can result in greater activity
and a higher rate of metabolism.
I.

LUNGS:

THE AIR-BREATHING MECHANISMS

Lungs are the mechanisms used by air breathers for
the exchange of gases. Lungs vary in complexity and
function, but all have the same basic features (9:231-233;
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1:217-218). They consist of sacs or bags with a thin
membrane in close connection with capillary membranes, and
with various types of external openings to these sacs to
allow inspiration and expiration of gases.
The human lungs, which we shall attempt to describe
here, begin as an outgrowth of the embryonic pharynx and
develop a single trachea or windpipe which divides into two
bronchial tubes (9:233; 1:219). Each of these bronchial
tubes rebranch many times and finally divide into minute
bronchioles. Each of these bronchioles continues into a
small clump or cluster of air sacs which in turn open into
extremely small alveoli (9:235). Each alveolus is a sac
which handles the major diffusion of gases into and out of
the lungs and blood stream. It is estimated that there are
millions of these alveoli in human lungs and that four to
five quarts of blood pass through the lungs per minute when
an individual is at rest and at least twenty times that
during periods of exercise (9:234).
The lungs are connected by the trachea, a cartilaginous
encircled tube, to the pharynx, the passage at the back of
the throat. The pharynx leads to the nasal passageway and
thence to the exterior. In the nasal passageway external
air is eddied, moistened, cleansed, and warmed. This action
aids in keeping the gases at optimum diffusion temperatures
and purity and in keeping debris from the delicate lung
tissue (3:216).
II.

LUNG TISSUES AND THORACIC CAGE STRUCTURE

There are several types of tissue in the external
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respiratory system. For instance, cartilaginous tissue in
the trachea, plus ciliated mucus cells which trap and sweep
foreign matter out of the lungs. There is an abundance of
connective tissue throughout the lttI\i,S, g1.v1:ag a remarkable
degree of elasticity, of great importance in the mechanics
of breathing (1:221-222).

The tissues of the lung get

progressively thinner as they branch out more and more until,
in the alveoli, there remains only one layer of cells
between the alveoli and the capillary wall. In some cases
it is even possible for the alveolar layer to be absent and
the air in the alveoli actually exposed to the blood
capillaries (1:221).
The lungs are enclosed in the thoracic cage composed
of the stern.um, or breast bone in front, the spinal column
behind, and the ribs which encircle the chest. The lungs
are suspended from the trachea within this cage and are
covered with a lubricated membrane called the pleura.

The

inside of the thoracic cavity is lined with similar membrane
called the parietal pleura (3:217).

These two lubricated

layers allow the lungs to slide freely within the cavity.

III.

?vlECHANIS:t-1 OF INSPIRATION AND EXPIRATION

The inspiration and expiration of air is accomplished
by two sets of muscles, each stimulated at rhythmic intervals.
When the inspiratory muscles are stimulated, the diaphragm,
the major muscle of respiration attached to the bottom of the
thoracic cage, pulls downward, thus enlarging the thoracic
cavity longitudinally. At the same time the extern.al
intercostals (rib muscles) and small muscles in the neck
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pull upward on the front of the thoracic cage, causing the
ribs to angulate forward, enlarging the thoracic cavity's
depth (3:217-218).

This enlargement of the cavity causes a

negative pressure of approximately 6-8 mm Hg below
atmospheric pressure (1:229).

This negative pressure allows

air to enter the lungs.
Expiration, usually a relaxation of the inspiratory
muscles, results in a pressure rise within the lungs to
approximately 3 mm Hg above atmospheric pressure.

In active

or controlled breathing, expiration is aided by abdominal
muscles which tend to push the diaphragm upward.

The

intracostal muscles also aid by drawing the rib cage down
and back.

Active or controlled breathing can result in

pressure readings of 40-50 mm Hg, both negative and positive,
showing a vast reserve capacity for emergencies.
The ability to regulate the volume of air respired
depends on two factors:
1.

The strength of the respiratory muscles

2.

The resistance of the thoracic cage and lungs
to contraction and expansion.

It can be seen that any disease or malfunction which affects
lung volume would affect the well being of the organism.
IV.

REGULATION OF INSPIRATION AND EXPIRATION

Control of inspiration and expiration is both nervous
and chemical.

It has been established that the nerve

centers for the control of breathing are located in the
medulla (1:235-236; 3:234-235).

The accepted theory of

operation is that the respiratory center is intrinsically
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active and will operate without any outside stimulus.

A

number of afferent nerves, however, lead to the center and
stimulate or inhibit it at various times.

Almost any

stimulus which would cause pain or damage to the lungs will
inhibit breathing, and in some instances can also stimulate
breathing when necessary.

An example of this is the

Hering-Breuer Reflex (3:235).

Located throughout the lungs

are nerve endings stimulated reflexly when the lungs are
distended.

Impulses pass to the medulla and inhibit the

inspiratory center and excite the expiratory center.

This

prevents damage to tissue by over-inflation or distention.
The mechanism of the respiratory center consists of an
inspiratory center, an expiratory center, and a preumo-toxic
center.

Impulses originate for inspiration in the

inspiratory center and are sent to the respiratory muscles,
causing them to contract.

At the same time an impulse goes

to the preumo-toxic center where it is retained a moment and
then sent to the expiratory center.

This center sends

notice to the muscles to cease inspiration and relax and
also sends an inhibitory signal to the inspiratory center,
causing it to stop.

As soon as expiration is complete, the

cycle starts over again.

It is evident, then, that at least

two feed-back mechanisms help to maintain the respiratory
cycle.

If one fails the other will continue.
The chemical control of the external respiratory

cycle is concerned mainly with two factors (9:239; 3:236-237):
1.

Carbon Dioxide

2.

Hydrogren Ions

Both act as stimulants when their concentrations in the blood
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get too great.

Carbon dioxide can increase the ventilatory

rate up to ten times normal while the hydrogen ions can
increase it to four times normal.

This ventilatory action

results in loss of the carbon dioxide through the lungs,
allowing recombination of the hydrogen ions to form water
and weak acids.

This lowers the stimulus.

Other regulatory devices, minor in value, are oxygen
lack, blood pressure, exercise, psychic stimulation, sensory
impulses, and speech.

An interesting summation of their

effects may be found in Guyton (3:238-241).

It is quite

obvious that no single factor is going to control
respiration entirely, although one may take precedence for
a short time.

The multiple factor theory seems to be the

most widely accepted (3:240).

This states that all the

factors mentioned above work in conjunction and aid at one
time or another in regulating respiration.

CHAPTER III
THE TRANSPORTATION SYSTEM:
The blood and blood vessels are the means by which
the respiratory gases are carried between the external and
internal respiratory systems.

The blood's role is both an

active and a passive one, for the gases are carried in
various chemical bondings within the red cells and also as
inert constituents of the plasma.

The blood's influence on

respiration volume and rate is extremely high, for it
carries within itself not only the products of the internal
and external systems but also serves as a messenger to the
various regulatory devices controlling the two systems.
As a gaseous transporter the blood has only two pickup
and delivery stations.

One station consists of the lungs

where oxygen is picked up and carbon dioxide is released.
The other station is found in the body tissue where oxygen
is released and carbon dioxide is picked up.
The lungs, as discussed in the previous section,
consist of alveoli or small sacs at the extreme ends of the
bronchioles.

These alveoli are in close connection with the

capillary system carrying blood from the right ventricle to
the lungs to be aerated, thence to the left side of the
heart to be put back into the systemic circulation.

The

membrane of the alveolus is extremely thin (1=4 microns) and
highly permeable to gases but impermeable to most other
substances (3:226).

The capillary wall structure is also
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extremely thin and the vessels themselves are very small so
that the blood cells must pass through in single file.
I.

DIFFUSION OF GASES

Analyses of blood and alveolar air show that the
nature of the gas exchange under all ordinary conditions is
that of diffusion (3:226-230; 1:253-255; 9:236; 8:624-626).
A gas diffuses from any place where its partial pressure is
comparatively high to one where it is lower. The partial
pressure of a gas in a gaseous mixture is proportional to
its concentration in the mixture.

For example, oxygen

composing approximately 21 per cent of air at a barometric
pressure of 760 mm Hg exerts a partial pressure of about
160 mm Hg (o.21X760).
tension of air (8:625).

This is often called the oxygen
Therefore, oxygen in air exerts

only about one-fifth the pressure of a pure oxygen
concentration.
This is essentially the situation within the lungs.
The average partial pressure of oxygen in the alveoli is
approximately 100 mm Hg (3:229). This difference in pressure
from the outside air is the result of incomplete air exchange
in the alveoli at each respiratory cycle. This incomplete
air exchange results in the mixing of new air with the
partially depleted old air and the consequent lowering of
the oxygen partial pressure (3:232; 8:626).
In the case of gases in the blood, the situation is
more complicated.

The oxygen and carbon dioxide are held

not only in solution but are also in chemical combinations
which break down quite easily.

These chemical combinations

12
hold the majority of gases and, with the gas in plasma
solution, are the primary influence on the diffusion rate.
The rate of diffusion of gases from liquid can be measured
in accordance with the following statement:
The tension of any gas in solution is measured by
finding the partial pressure of that same gas which
may be present in the adjacent atmosphere without
causing either increase or decrease in the amount of
gas dissolved (8:625).
Such measurements have been carried out with blood
(8:625).

This and other tests show that under all ordinary

conditions the oxygen tension, or partial pressure, is as
great or greater in the alveolar air than it is in the blood.
This holds true even for the blood leaving the lungs in a
highly arterialized condition.

This also indicates that

carbon dioxide tension in the alveolar air is less than
that of the blood.

This difference in partial pressures

shows that oxygen can diffuse from lung to blood and carbon
dioxide from blood to lung.

Such results have led to the

conclusion that gaseous exchange in the lungs is the result
of simple physical diffusion and that no active energy
exchange, or work, is required.
The two gases we are concerned with in respiration
are oxygen and carbon dioxide.

Studies show that during

ordinary breathing the body uses about 5 per cent of the
available oxygen and gives off about 4 per cent carbon
dioxide (8:626).

These are per cent of volume figures.

The difference in percentages is due to some of the oxygen
in the carbon dioxide being utilized as water vapor and
evaporated upon expiration.

The amounts of gas present in

the blood and the rate of diffusion and blood flow are
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determined by several variables such as (8:627)
1.

amount of muscular activity

2.

amount of lung ventilation

3.

type of food undergoing oxidation in the cells.

It appears, however, that in any one individual the
composition of the blood in any particular portion of the
body remains fairly constant.

This is possible because of

the nervous regulation of heart beat, blood pressure, and
blood supply to each part of each organ and the rate and
depth of breathing movements (8:627).

II.

CHfilluCAL REACTIONS OF GASES IN THE BLOOD

It was mentioned earlier that very little oxygen or
carbon dioxide is carried in solution.

Most of the gases

are carried within the red blood cells in various chemical
bondings.

The nature and function of these chemical

linkages is extremely important in respiration since the
availability of the gases so held determines the amount of
diffusion.
The single most important carrying agent in the red
blood cell is hemoglobin, a protein molecule containing iron
(1:252; 3:230; 8:628).

The function of hemoglobin in oxygen

transport can be easily determined (1:252).

Hemoglobin

in combination with water or plasma in a test tube exposed
to oxygen exhibits the same volume combination tendencies
as it does in combination with red blood cells.

This

shows it is the essential oxygen-carrying agent.

The

chemical combination may be expressed as follows:

Hb

14
(reduced hemoglobin)

02

Hb02

(oxyhemoglobin).

1

This

combination of oxygen and hemoglobin is relatively unstable
and quite easily breaks down into its two constituents.
The direction of reaction this combination takes depends a
great deal on the amount of oxygen available, the time
exposed, partial pressure of the oxygen, and Ph of the
blood (1:253).
At the lung level we find the oxygen partial pressure
of the alveolar air approximately 100 mm Hg while the oxygen
partial pressure of the blood may fluctuate from 20-45 mm
Hg.

This difference in pressure sets up a diffusion

gradient from alveoli to blood.

The amount of oxygen taken

on in the relatively short time the blood is in the
pulmonary capillaries (.2-2 seconds) will almost always
approach saturation or approximate the alveolar partial
pressure of 100 mm Hg (3:227-228; 8:632).

The relationship

of available lung tissue surface to blood available at any
one time in the pulmonary capillaries is what allows this
extremely rapid saturation to take place.

There are

approximately sixty square meters of lung tissue available
for gas diffusion and only sixty milliliters of blood in
that tissue at any one time.

This extreme surface to volume

ratio makes maximum diffusion possible (3:225).
1

Actually, each molecule of Hemoglobin combines
with four molecules of oxygen (1:252).
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In the tissues of the body we find the opposite
reaction of hemoglobin and oxygen taking place.

Here the

oxygen partial pressure of blood is approximately 100 mm
Hg (as mentioned above) while the oxygen partial pressure
of the tissues may fluctuate between 20-60 mm Hg depending
on tissue activity (3:231).

The difference in partial

pressure sets up a diffusion gradient which causes a partial
disassociation of the oxygen from the hemoglobin.

This

disassociation is helped along by the Ph of the blood
becoming more acidic (or less alkaline, since the blood
does not become acidic in the true sense of the word).
(This Ph will be discussed in the next paragraph relating to
carbon dioxide transportation).

It can be seen from the

above information that blood does not give up all its oxygen
in the tissues but only that amount required to keep the
tissues at their optimum or demand level.

This retention of

oxygen by the blood hemoglobin is a safeguard in that the
body has a reserve of oxygen to be used in case external
respiration is shut off (3:231).
The transportation of carbon dioxide by the blood is
considerably more complicated than that of oxygen.

In the

tissue capillaries where the carbon dioxide is picked up
by the blood the carbon dioxide combines with water present
in the plasma and cells to form carbonic acid (9:236; 1:257;
3:233).

The presence of this increased acidity lowers the

alkalinity Ph of the blood and aids in the oxygen disassociation
mentioned previously.

This occurs because oxygen is

displaced or driven off by acids.

The addition of large

amounts of carbon dioxide to the blood occurs because of a

16
pressure gradient similar to that of oxygen but not as
extreme in range.

The carbon dioxide partial pressure of

blood in the tissue capillaries is approximately 40 mm Hg
while that in the tissues approximates 55 mm Hg.

Although

the pressure difference is less than that of oxygen, carbon
dioxide diffuses much more readily than oxygen.

This comes

about because of a solubility factor of twenty to one
compared with oxygen.

This permits carbon dioxide to pass

the membranes in solution much more readily than oxygen,
hence the lower partial pressure needed (2:228).

The

presence of large amounts of carbonic acid in the blood
initiates a buffer action to neutralize the acid and maintain
2
the blood at its optimum alkalinity level of 7.4.
The red
cell enzyme, carbonic anhydrase, forms the carbonic acid
some 250 times faster than normal.

The acid then reacts

with salts of the plasma proteins and hemoglobin in the
following manner:

H2co
Na
Protenate
NaHCO
H Proteinate
3
3
H co
KHCO
HHb
2 3 KHb
3
Since the NaHCO and KHCO ionize almost completely,
3
3
about 50 per cent of the carbon dioxide is tied up in
HCO , bicarbonate ion. These reactions are extremely
3
important as life is possible only within a very narrow range
2

In a Ph situation (comparison of acid to base, or
condition of blood) a rate of 7 is regarded as neutral while
7+ is basic and 7- is acidic.
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of Ph -- just to the alkaline side of neutrality (1:257-259).
In addition to the carbon dioxide carried as the bicarbonate
ion and the very small, unimportant amount carried in the
plasma as carbon dioxide in solution and carbonic acid (5
per cent), approximately 40 per cent of the carbon dioxide
is carried directly on the hemoglobin molecule (3:233).
This carbon dioxide combines with hemoglobin in an unstable
combination much as oxygen but not at the same location.
Therefore, the hemoglobin may serve as a carrier for oxygen
and carbon dioxide at the same time (8:636; 3:233).
Upon reaching the lungs the disassociation of carbon
dioxide occurs by two methods (8:636-637).

First, free

diffusion takes place for the small amounts in the plasma.
Secondly, the free carbon dioxide carried on the hemoglobin
and the carbon dioxide carried in the bicarbonate ion are
released by the partial pressure of oxygen, in the following
manner.

In the body tissues when carbonic acid was buffered,

the free hydrogen ions were able to align themselves on the
hemoglobin where the oxygen molecules disassociated.

Upon

arriving at the lungs the oxygen partial pressure displaces
the hydrogen ions which are then free to combine with the
bicarbonate ions and form carbonic acid.

This acid is then

acted upon again by the enzyme carbonic anhydrase which
speeds up the breakdown of carbonic acid into carbon dioxide
and water.

This reaction can be seen as an extremely rapid

one as the blood is only in the lung area from .2 to 2
seconds and in that time the disassociation takes place and
the carbon dioxide diffuses so rapidly as to equalize the
partial pressure between blood and lungs {8:635; 3:226).

CHAPTER IV
THE INTERNAL RESPIRATORY SYSTEM
An explanation of respiration, as it applies to the
life process within a living cell, is far beyond the scope
or intent of this paper.

In the last few years much has

been discovered to refute the seemingly simple oxidation
process involved in metabolism which has been and is being
taught in the public schools.

This paper, then, will attempt

to outline or discuss only a small portion of the entire
process in order to demonstrate its amazing complexity.

I.

ENZYNATIC PURPOSE AND FUNCTION

Any discussion of cellular metabolism must concern
itself with bio-chemistry, for it has been established that
metabolism is a series of chemical reactions involving a
myriad of enzymatic factors (6:27).

Enzymes, the key to

human metabolic breakdown, are extremely important for the
following basic reasons:

In an ordinary external oxidative

process involving burning of fuel to liberate ene.1.gy, there
is a great deal of heat liberated.

In the human organism

this is not tolerated, for too much energy would be
uncontrolled and wasted.

Enzymes are therefore used to

reduce the activity potential needed in the chemical
reaction of molecules, thereby reducing the heat liberated
(7:102-103).
reactions.

Enzymes are also selective utilizers of
Instead of an indiscriminate general oxidation,

enzymes control rate and amount of metabolism taking place.
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There is definite evidence to indicate enzymes are produced
and controlled within the cell, but a discussion of such
controlling factors will not be undertaken here (7:109).
If the reader wishes to pursue the subject further he will
find enzymic control discussed quite extensively in Mitchell
(8:chap.23).
The major function of metabolic processes in the
organism is to provide energy for performance of all bodily
functions.

Energy is needed for muscular contraction,

secretion of digestive juices, synthesis of new chemical
compounds, development of membrane potentials in nerves and
other cells, and active reabsorption of substances from the
gastrointestinal tract and kidney tubules (3:455).

The

cells do not use the actual foods for their immediate supply
of energy.

A chemical compound called adenosine triphosphate

is synthesized by the cells, and the food stuffs are then
used to synthesize more adenosine triphosphate after it has
been used (3:455).

This adenosine triphosphate molecule, or

ATP, stores energy in its phosphate bonds (Figure 1, page 20).
Every time energy is needed a phosphate radical is broken
away from ATP and this liberates the needed energy.
In order to clarify and outline the energy process
in the human organism, the general oxidation of carbohydrates
will be used.

II.

CARBOHYDRATE OXIDATION AND REDUCTION

It is known that glucose is derived from carbohydrates,
both in the intestine and in the liver (3:440).

This glucose
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is rapidly passed through the body to cells requiring it.
The cells then use the glucose for energy. Part of this
energy is released by a process called glycolysis, that
does not require oxygen (3:456; 5:329).

Most of the energy,

however, is released when glucose is oxidized (3:456).
There is evidence to indicate that the cell component most
responsible for both the anaerobic and aerobic oxidation of
glucose is the mitochondria, in that it contains the orderly
sequence of enzymatic components needed in the oxidation and
reduction cycle to be described (3:19-20; 8:410; 4:530;

7:109; 2:706).
In glycolysis, the glucose molecule, containing six
carbon atoms, is split by enzymes into two smaller three
carbon atom molecules. The three carbon atom molecules are
then modified to form pyruvic acid (3:456). During this
glycolysis a small amount of energy is released. This energy
is much less than that of aerobic oxidation; its primary
purpose seems to be to rebuild ATP and supply the muscles
with energy during periods of oxygen shortage (5:529; 9:696).
The aerobic oxidation is by far the most productive
source of energy, providing about nine times the energy
released during glycolysis (3:456). After glucose has been
split into pyruvic acid molecules, oxygen can be burned with
them to form carbon dioxide and water. The intermediate
steps involved in this reaction are actually anaerobic, the
oxygen not being used until the final step. The precise
chemical reactions involved are called the tricarboxylic
acid cycle or Krebs-Johnson cycle (3:457). Carbon dioxide
radicals are split away from the pyruvic acid by enzymes
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called decarboxylases, and hydrogen atoms are removed by
dehydrogenases.

Both these steps remove energy from the

molecule and this is used to form ATP. Figure 2 shows how
the hydrogen atoms, after being removed from the pyruvic
acid, are passed from coenzymes to flavoprotein molecules,
to cytochrome molecules, and finally released into tissue
fluid as ions. These ions react with oxygen in the tissues
which has been ionized by the enzyme cytochrome oxidase.
These hydrogen and oxygen ions immediately form water.

This

oxidation of hydrogen and reduction of oxygen is an
electrical process involving the passing of hydrogen from
molecule to molecule, moving from a negative field to a
positive one (6:63; 5:312; 8:651-653).
process involves the release of energy.

Each step in the
The whole function

of this stepped reaction is to channel the energy formed
into production of ATP.

III.

PHOSPHORYLATION

The ATP being continually formed by the process
mentioned above is also the chief source of energy enabling
these cells to manufacture ATP. It is therefore a continous
cycle, one dependent on the other. ATP, when it is broken
down by various enzymes, one of which is hexokinase, becomes
ADP or adenosine diphosphate (ADP) (5:328). When this
occurs in the process of glycolysis, it is called phosphorylation.
An interesting continuum of this process can be found in
Heilbrunn (5:333-339).

In order for ATP to be in good supply,

therefore, it is necessary to have enough ADP on hand to be
reconverted to ATP.

Apparently when ADP is present it
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FIGURE 2
OXIDATION OF PYRUVIC, ACETIC, AND DEAMINATED
AMINO ACIDS
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initiates oxidative processes which set the cells to work
to provide energy for re-manufacture of ATP from ADP (2:704).
When all the ADP has been converted the oxidative process
stops. (see Figure 3, page 25).
Another high energy phosphate bond is found in a
substance called phosphocreatine (3:458).

When ATP is in

abundant supply much of it is used in formation of
phosphocreatine. This results in energy potential build-up.
When large amounts of energy are needed, phosphocreatine
breaks down to reform ATP from ADP.

This reaction is

anaerobic and, much faster than oxidative reactions, is
capable of keeping cell function and metabolism high for
short periods even without oxidation.
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CHAPTER V
SUMMARY AND CONCLUSIONS
I •

SUMivlARY

From an examination of current science texts and
personal observation it appeared that information given
to most students regarding the respiratory system can be
summarized in three statements:
(1).

The function of the lungs is to inhale oxygen

and exhale carbon dioxide and water.
(2).

The blood, by utilizing hemoglobin, carries

oxygen to the cells and removes carbon dioxide.
(3).

The cells use oxygen to turn carbohydrates,

fats, and proteins into energy, water, and carbon dioxide.
From a general point of view, the above statements are
correct, but upon close examination of information available,
several inadequacies are found. None of the statements
explains how these functions occur, why they occur, or what
purposes are served in their occurrence.

There is no

relation of the respiratory system to the total function of
the organism.

The problem seems to be one of oversight by

authors and inadequate preparation and/or oversight on the
part of teachers.
This paper attempted to reveal the information
available in the field of respiration, hoping to alleviate
some of the conditions noted above.

No information is

useful, however, unless it is utilized.
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II CONCLUSIONS
The respiratory system is a complex relationship of
physical and chemical processes and reactions, all
inter-related and working in conjunction with one another to
provide the human organism with the proper amounts of oxygen
demanded by the cellular oxidative reactions and removing
the waste products created by such reactions.

Life itself

is, therefore, dependent on the continual smooth functioning
of this system.

A thorough and accurate knowledge of the

respiratory system's purpose and functions seems logical for
all students, for a well informed individual is in a better
position to evaluate and appreciate the functions and
conditions of the organism and to make proper decisions
regarding it.
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